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5. Introduction

Currently the accepted role of ultrasound (US) in diagnostic breast imaging is the
differentiation of simple cysts from solid breast masses [3]. Stavros et al suggested it is
possible to differentiate benign vs. malignant masses based upon US findings [5].
During the course of this project, newer studies provided further supporting evidence
[10, 11], but there is still no widely accepted diagnostic criteria or system. The purpose
of this study was address this need by developing an artificial neural network (ANN)
model to assist radiologists in differentiating between benign vs. malignant masses
based upon US findings. In particular, the goal is to be able to identify probably benign
breast masses, for which follow-up may be recommended in lieu of biopsy, thus
reducing the cost and trauma associated with unnecessary biopsies of benign lesions.

6. Body

Revised Statement of Work

This is the third and final report for this project, which was originally a two-year project
scheduled for completion by Jan 31, 1999. During the second year, the USAMRMC
approved a change in PI as well as a no-cost extension into a third year (2/1/1999 to
1/31/2000) to accomplish the following specific aims:

A. Resume collection of retrospective cases. We will attempt to double the current
database of approximately 100 patient cases to 200 overall. For each patient, we will
record ultrasound (US) and mammography findings and patient history data.

B. Given the larger database of patient cases, optimize the performance of an artificial
neural network (ANN) to predict malignancy among breast masses. The ability of
the ANN to generalize from training cases will be evaluated using retrospective data
sampling rather than prospective clinical evaluation.

C. Evaluate the contribution of different input features in order to develop a simplified
ANN that maintains diagnostic performance while requiring fewer features.

D. Evaluate the usefulness of the ANN in improving observer variability in US
examination of breast masses. Specifically, compare the consistency and accuracy of
the radiologists’ assessments with that of the predictions of the ANN using the
radiologists’ findings as inputs.

The accomplishments of the entire effort will be summarized based upon these aims,
since they extend or supercede all of the original aims. (The progress report for year two
describes how the original aims were converted into the above new aims.)
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Overview of Progress for Each Aim

Task A. Resume collection of retrospective cases. We will attempt to double the current
database of approximately 100 patient cases to 200 overall. For each patient, we will
record ultrasound (US) and mammography findings and patient history data.

The bulk of the effort in this project has been to collect the data set of US findings
and biopsy outcomes which were used to train and test the ANN models. This has been
a very time-consuming process. The collection of mammography findings data at this
institution culminated from several different projects spanning approximately seven
years [1, 2, 8]. We now record mammography findings prospectively as part of the
standard operating procedure for all breast biopsy cases. The collection of US findings
only began with the current project, however, and the procedure continues to evolve.

The original PI, Dr. Jay Baker, collected 65 cases during the first year and 35 cases
during the first half of the second year prior to his departure. In the past (third) year,
the new PI, Dr. Joseph Lo, supervised the collection of an additional 92 new cases. Each
case consisted of a woman who had an abnormal US examination and then underwent
underwent biopsy to yield definitive histopathologic diagnosis. The 7 US findings and
biopsy outcome were recorded retrospectively. All studies were performed in
accordance with standard clinical indications, with adequate safeguards for patient
anonymity. The research conducted had no effect on the management of the patients.

The 192 cases consisted of 121 benigns and 71 malignancies, corresponding to a
positive predictive value (PPV) of 37%. The women had an age range from 18 to 82,
with mean age of 50.2 years. The increase in patient yield in the last year was possible
due to both the increase in number of US-guided biopsies performed at this institution,
as well as considerable non-salaried support from several personnel (notably John
Zhang, medical student, and Dr. Patricia Walsh, attending radiologist) to augment the
efforts of the PI and Dr. Mary Scott Soo. With the total of 192 cases, we reached our goal
of collecting approximately 200 cases for model development. We are now in the
process of identifying weaknesses in the current data collection schemes. The eventual
goal will be to collect prospectively US findings for all cases which undergo biopsy at
this institution, in a similar manner as the mammography data collection procedure.

Task B. Given the larger database of patient cases, optimize the performance of an
artificial neural network (ANN) to predict malignancy among breast masses. The ability
of the ANN to generalize from training cases will be evaluated using retrospective data
sampling rather than prospective clinical evaluation.

ANN models were developed using just the seven US findings to predict if the
mass described was benign vs. malignant. New models were designed at several
different points during the course of this project using all data available at the time. In
year two, results from the first 65 patients were presented at the First International
Workshop on Computer-Aided Diagnosis sponsored by the University of Chicago
department of radiology in Chicago, IL [6], see Appendix A. In year three, final results
with all 192 cases were presented at the annual meeting of the Radiological Society of
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North America, RSNA 1999 [9], see Appendeix B. The latter presentation was well
received, resulting in unsolicited write-ups in WebMD (Nov. 29, 1999,

http:/ /my.webmd.com/content/article/1728.52643), the RSNA Daily Bulletin (Nov. 30,
1999) and Physician’s Weekly (Feb. 21, 2000).

This final model based upon the seven US findings and patient age over 192
cases resulted in receiver operating characteristic (ROC) A, of 0.92 + 0.02, which was
somewhat lower than reported before with the smaller data set, but nevertheless
indicative of good performance. The continuous output values of the model could be
thresholded to achieve a desired tradeoff between sensitivity on the one hand and
specificity and positive predictive value (PPV) on the other. At 100% sensitivity, the
model performed with 35% specificity and 47% PPV. In terms of the cases in this data
set, it would have correctly referred all 71 actual cancers to biopsy, while obviating 42
out of 121 benign biopsies. At 96% sensitivity, the model performed with 63%
specificity and 60% PPV. At the cost of delaying the diagnosis for only 3 of the 71
cancers, it could have obviated the majority (76 out of 121) of benign biopsies.

Task C. Evaluate the contribution of different input features in order to develop a
simplified ANN that maintains diagnostic performance while requiring fewer features.

Using a technique we previously established [4], a simplified ANN was
developed which utilized an optimized subset of the input findings while maintaining
diagnosistic performance. This involved a two step process. First, the input features
were rank ordered in order to determine which contributed more to the overall
prediction. Separate ANN models were developed, each excluding one of the input
features, and their performances were compared. The hypothesis was that the exclusion
of a more important feature would reduce performance more, as measured by the ROC
area index (A,) and the partial area index A, for sensitivity > 0.90 (partial A,). The
results are summarized below in Table 1.

Table 1. Effect of excluding individual findings.

Finding A, partial A,
US mass shape 0.91 + 0.02 0.60 + 0.08
US mass margin 0.88 + 0.02 0.55 + 0.08
acoustic transmission 0.92 + 0.02 0.64 +0.08
mass echogenicity 0.92 + 0.02 0.62 + 0.08
echotexture 0.92 + 0.02 0.59 + 0.08
thin, echogenic pseudocapsule 0.92 +0.02 0.60 + 0.08
calcifications within nodule on US 0.92 + 0.02 0.62 + 0.08
patient age 0.90 + 0.02 0.57 +0.08
ALL FINDINGS INCLUDED 0.92 + 0.02 0.62 + 0.08

The above results indicated that the model’s performance depended only upon very
few findings. In particular, performance was only noticeably reduced with the exclusion
of the mass margin, patient age, and mass shape.

p-7
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The second step of the process was to reduce the number of inputs. Using the
rank ordered findings from Table 1, the ANN was simplified by eliminating the
findings one at a time, starting from those which contributed least. This process is
illustrated in Figure 1. Starting from left to right, the number of findings was
successively reduced by one at a time. The performance was surprisingly not affected
even when the ANN was reduced down to only its two most important input findings
(mass margin and patient age). The performance of this drastically simplified two-input
ANN was not statistically significantly different from that of the full eight-input model
(p=0.9 for A,, 0.7 for partial A,). Only when the model was reduced to a single-input
perceptron using only the mass margin feature did performance drop, although even in
this extreme case, the difference was significant only for A, (p<0.001) but not partial A,
(p=0.14). It should be noted that although the partial A, is the more clinically relevant
measure of performance, over these cases the standard deviations for partial A, were
quite large (0.08 for all trials in Table 1).
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Figure 1. Effect of eliminating less important findings

These results were intriguing, especially since they were similar to those from a
similar study for ANN predictors of probably benign lesions using mammographic
findings, which identified the mammographic mass margin and patient age as the two
most important findings as well [4]. As was the case with that previous study, we
anticipate that although the exact performance values may not generalize to a larger
data set, but that the general trends will hold true.
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Task D. Evaluate the usefulness of the ANN in improving observer variability in US
examination of breast masses. Specifically, compare the consistency and accuracy of the
radiologists” assessments with that of the predictions of the ANN using the radiologists’
findings as inputs.

As reported in the first and second annual reports, we assessed the usefulness of
the ANN in reducing observer variability. In brief, 60 cases were read independently by
5 radiologists, and the consistency of their US findings as well as diagnostic assessment
of likelihood of malignancy were measured. It was found that “considerable”
interobserver variability existed for choosing terms for describing US findings
(kappa=0.09 to 0.80) as well as assessing the likelihood of malignancy (kappa=0.51).
This work was published in AJR. American Journal of Roentgenology after peer review [7],
see Appendix C.

The BI-RADS (Breast Imaging Reporting and Data System, American College of
Radiology) lexicon employs a five point rating scale for the radiologist’s assessment,
with four recommendations for cases with findings. We initially used this same four
point rating scale. Unfortunately, the rating of one was never selected for any of these
192 cases (consistent with the retrospective knowledge that all of these cases did go to
biopsy originally), and it was not possible to perform ROC analysis on the remaining
three-category assessments. More importantly, there is a growing consensus that it is
incorrect to use the radiologist’s clinical recommendations (whether to follow-up vs.
biopsy) as an assessment of the likelihood of malignancy.

For the above reasons, we compared the performance of the ANN model against
the radiologists only at their actual clinical operating point, namely the fact that they
did originally recommend biopsy for all of these 192 cases. By definition their sensitivity
was 100% and their specificity 0% over these cases. Their PPV would correspond to that
of the data set, which was 37% as noted previously. In comparison, the ANN model had
the potential to maintain 100% sensitivity, while improving specificity to 35% and PPV
to 47%. Also as noted previously, with small tradeoffs in sensitivity to 96%, the PPV
could be improved to 60%. There may be an optimistic bias due to the relatively small
number of cases in this data set, but it is evident that the model has the potential to
improve the performance of the radiologists.
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Key Research Accomplishments

This research resulted in the following major accomplishments:

(a)

(b)

A data set of ultrasound (US) findings interpreted by expert radiologists was
collected for 192 biopsy-proven breast masses from this institution.

Using US findings and the patient age as inputs, artificial neural network (ANN)
models were developed to predict whether the mass described was benign vs.
malignant. This was the first successful model for this purpose, and represented
several important extensions over the current practice of breast US imaging.

The model had the potential to improve upon the diagnostic accuracy of the
radiologists who extracted the US findings in the first place. While maintaining
100% sensitivity for cancers, the model could have obviated 35% (42 out of 121) of
the benign biopsies, improving the radiologists’ PPV from 37% to 47%.

The model was simplified dramatically to reveal the important diagnostic
contribution of just two findings, the US mass margin and patient age, over these
cases. A performance of a new model based upon only those two findings was not
statisticially significantly different from that of the more complicated models
described above.
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8.  Reportable Outcomes

Publications:

The following publications resulted directly from this work. They consist of a
conference proceeding published in hardcopy book form, a peer reviewed journal
article, and a conference abstract published as a supplement to a journal, respectively.
Copies are attached as appendices A-C.

A. LoJY, and Floyd CE, Jr, “Computer-aided diagnosis of breast cancer,” Doi K et al.,
Ed., First International Workshop on Computer-Aided Diagnosis, Elsevier Science,
Univ. of Chicago, Chicago, IL, 1182 (ICS 1182): 221-5 (1998).

B. LoJY, and Floyd CE, Jr, “Predicting malignancy of breast masses with ultrasound
findings,” Radiology 213(P), 198 (1999).

C. Baker J, Kornguth P, Soo M, Walsh R, and Mengoni P, “Sonography of solid breast
lesions: observer variability of lesion description and assessment,” AJR Am ]
Roentgenol 172, 1621-5 (1999).

Personnel Receiving Salary:

1. JosephY. Lo, PhD, PI (current)

Jay A. Baker, MD, PI (original)

Mary Scott Soo, MD, clinical co-investigator

Phyllis ]. Kornguth, MD, PhD, clinical co-investigator

S

Carey E. Floyd, Jr., PhD, scientific co-investigator

Funding:

The following applications for funding resulted directly from this research.

1. Translational Medicine Awards, Duke University School of Medicine. “Clinical
implementation of artificial neural networks for breast cancer diagnosis,” PI Baker ],
co-PIs Lo JY and Floyd CE Jr., status: rejected.

2. Idea Award, US Army Breast Cancer Research Program, “Computer-aided diagnosis
of breast masses: Combining ultrasound and mammographic findings to improve
accuracy of breast cancer diagnosis,” PI Lo JY, co-investigators Baker JA, Floyd CE
Jr, et. al., total costs $449,923,3/1/01-2/28/04, status: pending.
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9. Conclusions

This research resulted in several major advancements in the fields of breast
imaging and computer-aided diagnosis. At present, breast ultrasound imaging is used
only to differentiate between cysts and solid masses. Although some criteria were
recently suggested for distinguishing benign from malignant masses, there is still no
consensus, and the criteria involve simple rules based upon individual findings.

In this project, we developed an artificial neural network model which was able
to predict benign versus malignant breast masses based upon ultrasound findings
extracted by radiologists and the patient age. Unlike the aforementioned relatively
simple diagnostic criteria, this model provided quantitative predictions for all cases by
taking into consideration nonlinear interactions between all available findings. This was
the first such comprehensive, quantitative model. Given 192 cases of suspicious masses
which underwent biopsy, this model had the potential to maintain the sensitivity of
cancer detection at 100%, while improving the radiologists’ specificity from 0% to 35%
(42 out of 121 benign biopsies obviated). This corresponded to improving the PPV of the
radiologists from 37% to 47%. Moreover, we also identified that the mass margin and
patient age were the two most important input features for this model, and that highly
simplified models based on those two features alone could still perform as well as the
more complicated models using all available information.

In future work, it would be interesting to see if the inclusion of mammography
findings would improve the accuracy or robustness of the current models which are
based on ultrasound findings and patient age alone. The success of these models also
depends on how well they generalize to larger data sets from multiple institutions.

Predictive models such as these can provide physicians and patients with
accurate information for managing suspicious breast lesions without the invasiveness of
biopsy procedures. These models have the potential to obviate many unnecessary
biopsies of benign lesions and their associated cost to society and trauma to patients.
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Computer-aided diagnosis of breast cancer
Joseph Y. Lo, }’h.D. and Carey E. Floyd, Jr., Ph.D.
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Dept. of Radiology, Duke University Medical Center, and
Dept. of Biomedical Engineering, Duke University,
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ABSTRACT

We will review two current projects pertaining to artificial neural
network (ANN) computer models that merge radiologist-extracted findings to
perform computer-aided diagnosis (CAD) of breast cancer. The goal of both
projects is to obviate the diagnostic excisional biopsy, a costly and invasive
surgical procedure, for certain groups of cases. These projects are (1)
mammography-based model to predict both malignancy and invasion of all
breast lesions, and (2) ultrasound-based model to predict malignancy of breast
masses. By providing information which was previously available only
through biopsy, these CAD models may help to reduce the number of
unnecessary surgical procedures and their associated costs.

Keywords: computer-aided diagnosis, breast cancer, artificial neural network
1. INTRODUCTION

Mammography and ultrasonography are currently the main breast
imaging modalities for the early detection of breast cancer, but they suffer
from several important limitations. Mammography is very sensitive but has
a low positive predictive value (PPV), resulting in benign biopsy rates of 65%
or higher (1, 2. Preventing these unnecessary surgical procedures is one of the
most important ways to improve the efficacy of mammographic screening.
Furthermore, although the remaining cases are malignant by biopsy, up to
80% are invasive cancers which require a second, therapeutic surgical
procedure such as axillary dissection [3]. If these patients may be identified a
priori, they may undergo a combination single-stage surgery, thus also
obviating the separate biopsy surgery [4, 5]. '

Ultrasound (US) is used primarily in breast imaging to distinguish
simple cysts from solid masses. Due to US’s low cost, widespread availability,
and use of nonionizing radiation, it has tremendous potential in helping to
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assess masses identified both by screening mammography and physical exam.
A previous report suggested it is further possible to differentiate benign vs.
malignant breast masses based upon grayscale US features [6]. There is as yet
no established model, however, to combine muitiple features for consistent,
accurate prediction of breast cancer.

To address these concerns, we have developed arhf:cxal neural network
(ANN) computer models that merge radiologist-extracted findings to perform
computer-aided diagnosis (CAD) of breast cancer [7-9). These ANNs can
provide consistent, accurate, and robust predictions, using readily available
medical information. We will review here two studies: (1) predicting breast
lesion malignancy and invasion using mammographic and patient history
findings, and (2) predicting breast mass malignancy using ultrasound
findings.

These projects share in common the use of feedforward, error-
backpropagation ANNs with one hidden layer. Inputs to the ANNs were
quantitatively encoded medical findings, including mammographic
descriptors of lesion morphology according to the Breast Imaging Reporting
and Data System (BI-RADS) [10], ultrasound lesion descriptors according to
Stavros et al [6], and patient history data. The output to each ANN was a
number between zero and one corresponding to the biopsy outcome which
was being predicted, such as benign vs. malignant or in situ vs. invasive
cancer. Each ANN underwent supervised training and independent testing
with actual patient data. Performance was evaluated by several clinically
relevant metrics, including ROC area, specificity for a given near-perfect
sensitivity, and/or positive predictive value (PPV).

2. MAMMOGRAPHY-BASED MODEL

2.1. Methods

We developed a cascaded multi-stage system consisting of two ANNs
to predict first malignancy and then invasion. The goal was to identify as
many benign lesions and invasive cancers, respectively. Together these two
categories comprise approximately 90% of all currently biopsied cases, yet as
explained before many of these cases are candidates for obviating the
diagnostic excisional biopsy surgery.

The data set consisted of 500 consecutive cases of mammographically
suspect, nonpalpable lesions which underwent excisional biopsy and resulted
in definitive histopathologic diagnoses. The first ANN predicted whether
each of the 500 cases was benign vs. malignant. A threshold was set over the
ANN output values such that almost all malignancies had outputs which
were above the threshold and were thus correctly classified as true positives.
Many benign cases below the threshold were also correctly classified as true
negatives which may be spared the unnecessary biopsy. The goal was to
achieve fair specificity at near-perfect sensitivity, i.e. to obviate as many




benign biopsies as possible while missing very few cancers, since the cost of
the latter mistake far exceeds the former.

All cases above the threshold (consisting of almost all malignancies
and some false-positive benign cases) were then referred to the second ANN,
which predicted whether these cases were in situ vs. invasive cancer. The
goal was to find a threshold such that the outputs for almost all cases which
were not invasive cancers (benign lesions and in situ carcinomas) were below
the threshold. Many invasive cancers would lie above the threshold and be
correctly identified as true positives and thus candidates for the single-stage
surgery, thus obviating the excisional biopsy. Unlike the previous stage, the
goal here was to achieve fair sensitivity at near-perfect specificity, i.e. to
identify as many invasive cancers as pbssible while avoiding almost all
benign lesions and in situ carcinomas as candidates for single-stage surgery.

2.2. Results

The first-stage ANN was able to identify many probably benign cases.
At an arbitrary threshold over the output values which corresponded to 98%
sensitivity, the ANN performed with 41% specificity. In other words, it
missed only 3 of 174 malignancies (false negatives), while correctly identifying
134 out of 326 benign biopsies (true negatives) which may have been obviated.

The remaining 363 cases above the threshold consisted of 120 invasive
cancers and 243 other cases (benign lesions and in situ carcinomas). These 363
cases were referred to the second-stage ANN to identify as many probably
invasive cancers as possible. Again at an arbitrary threshold corresponding to
90% specificity, the ANN performed with 54% sensitivity. In other words, it
correctly ruled out 218 of the 243 other cases, while identifying 65 of 120
invasive cancers as candidates for single-stage surgery. '

3. ULTRASOUND-BASED MODEL

3.1. Methods

For the US-based ANN, 175 consecutive patients at this institution had
an abnormal US examination. Of those with a solid lesion; definitive
histologic diagnosis was available for 65 who underwent needle core biopsy,
fine needle aspiration, or open excisional biopsy, yielding 34 benign lesions
and 31 malignancies. For each of these 65 lesions, a radiologist recorded 7
morphologic findings as previously suggested by Stavros, et al: mass shape,
mass margin, presence of an echogenic pseudocapsule, presence of
calcification within the lesion visible by US, acoustic transmission, lesion
echogenecity, and lesion echotexture. The ANN was developed to merge the
7 US findings and patient age in order to predict whether each case was
benign or malignant.
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3.2. Results

For the task of distinguishing benign vs. malignant masses using US
features and patient age, the ANN performed with ROC area of 0.96 + 0.02,
indicating nearly perfect performance. At an arbitrary threshold, the ANN
provided a PPV of 81%, compared to the original radiologist’s PPV of 48%. At
that same threshold the ANN had a sensitivity of 97% (missing only 1 of 31
malignancies) and specificity of 79% (correctly sparing 27 of 34 benign lesions).

We have developed ANNs which have the ability to predict the
outcome of breast biopsy at a level comparable or better than expert
radiologists. For example, using only 10 BI-RADS mammographic findings
and the patient age, the ANN predicted malignancy with ROC area of 0.86 +
0.02, a specificity of 42% at a given sensitivity of 98%, and a 43% PPV.

4. CONCLUSION

We described here two separate studies indicating the potential of
using ANNs for CAD of breast cancer. With the mammography-based model,
we were able to predict first malignancy and then invasion over a relatively
large data set of 500 indeterminate cases which previously all underwent
biopsy. At each stage the ANN correctly classified approximately half of the
target category while ruling out the vast majority of the other category. We
identified 134 benign lesions and 65 invasive cancers, thus potentially
obviating 199 or 40% of the biopsies.

Likewise the results from the US-based model were very encouraging
and compared favorably with previous models based upon mammographic
findings. The important distinction is that US is low cost, widely available,
and uses nonionizing radiation. The ANN performed nearly perfectly,
potentially sparing 79% of benign biopsies. This work was preliminary,
however, due to the small number of patient cases and other factors. On-
going studies will evaluate the ANN’s performance with more cases and with
the inclusion of other patient information, such as mammographic findings
and history data.

The two studies shared in common the use of readily available input
data such as radiologist-extracted image findings and patient history. The first
study uses the standardized BI-RADS lexicon of mammographic descriptors,
so the results reported herein should generalize to any other institution
which has adopted this standard. The US lexicon proposed by Stavros et al is
not considered a standard yet, but we believe it is a thorough and consistent
scheme for codifying the US data.

With further development, these CAD models have the potential to
provide important knowledge which may assist in surgical planning for
patients with breast lesions. This may help reduce the number of unnecessary
biopsies and the considerable cost associated with them.
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analysis of bronchial diseases, become now available in an automatic or
interactive way.

METHOD AND MATERIALS: The study uses volumetric helical CT data
sets acquired with a pitch of 1.5 and a collimation varying between 1 mm
and 3 mm, without any contrast agent. Axial CT scans were reconstructed
at 0.6 mm intervals on a 512x512 pixel matrix. The 3D reconstruction of the
bronchial tree is achieved by applying a 3D topology-based propagation of
the segmented 2D bronchial lumen. The automatic 2D segmentation
method relies on the mathematical morphology theory and involves a
morphological marking exploiting the connection .cost concept, together
with a contour extraction by using a conditional watershed. Stacking the
result of the 2D segmentation step provides a primary incomplete and
artifacted 3D reconstruction. We then developed a specific 3D propagation
procedure exploiting the oriented, muitivalued and evolutive 3D graph
describing the 3D topology of the stacked volume. The resuiting recon-
structed bronchial tree recovers the branch discontinuities while pointing
out the airway pathologies (bronchial stenosis, mucoid impactions).
Finally, the bronchial tree is visualized by using a semi-transparent volume
rendering technique. All the above-mentioned functionalities are inte-
grated within a user-friendly software package.

RESULTS: Tests performed on 10 patients with chronic airway diseases
showed an accurate and robust 3D reconstruction up to 6-7th order
divisions.The procedure proved to be stable with respect to bronchial
stenosis, bronchiectasis and mucoid impaction.

CONCLUSIONS: Following this preliminary assessment stage, we are now
conducting an extensive validation of this 3D CT bronchography package
within a clinical routine application framework. This work was supported
by a Grant from Ministry of Industry of France (CIFRE No 525/96) and
Picker International.

430 - 3:08 PM

Computerized Detection of Puimonary Embolism in Spiral CT Anglogra-
phy: Segmentation and 3D image Feature Analysis of Thrombi

Y. Masutani, PhD, Chicago, IL.* K.R. Hoftmann, PhD+ H. MacMahon, MD+ K. Do,
PhD - T :

PURPOSE: Spiral CT-Angiography (CTA) has been recently reported as a
superior modality for diagnosis of pulmonary embolism (PE). However,
radiologists must view more than 50 images per case and the manifesta-
tions of PE in small vessels can be difficult to detect. Our purpose is to
develop a computerized scheme for automated detection of pulmonary
embolism in CTA images as an aid to radiologists. In this study, we present
new methods for segmentation and detection of thrombus candidates and
for distinction of thrombi from false positives.

METHOD AND MATERIALS: We used clinical CTA data acquired with 3.0
mm collimation and a pitch of 1.7, reconstructed at 1.5 mm intervals. The
data were interpolated in an axial direction to yield isotropic data for 3D
analysis. Segmentation proceeds automatically and uses a combination of
thresholding, morphological operations, connectivity analysis, and region-
growing. Local diameters of pulmonary vessels were determined for
feature analysis using morphological operations. The distances of the
thrombus candidates from the vessel wall were examined. A 3D line
enhancement filter was also employed for determination of a feature value
which would be related to line-like structures of relatively large thrombi. In
addition, the average CT value, contrast and volume of candidate regions
were determined and analyzed.

RESULTS: Automated segmentation was successfully performed on sev-

eral clinical cases with the adjustment of a few parameters. The segmented .

volumes of pulmonary vessels occupied about 34 % of the total data
volume with thrombus candidates being less than 1 % of the segmented
vessel volume, For thrombus candidates, false positives resulted mainly
from artifacts due to partial-volume effects and breathing motion. The
distance criteria were effective for elimination of false positives due to
partial-volume artifact, whereas the shape feature by the line filter was
useful for detection of line-like thrombi.

CONCLUSIONS: Pulmonary vessels, and thrombi were effectively seg-
mented in spiral CTA data. Analysis of 3D image features shows promises
for detection of thrombi. ‘ . )

~
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Deformabie Surtace Model and a 3D Matching Technique

J.G. Snel, MS, Amsterdam, Netheriands * H.W. Venema, PhD+ C.A. Grimbergen,
PhD« T:M. Moojen, MD » M.J. Ritt, PhD+ G.J. Den Heeten, MD, PhD

PURPOSE: To obtain quantitative information of the relative displace-
ments and rotations of the carpal bones during movement of the wrist of
both normal volunteers and of patients before and after operative interven-
tion.

METHOD AND MATERIALS: Axial helical CT-scans were made with a
CT-scanner with a double detector array (Elscint CT-Twin/Flash). The
wrists were imaged in the neutral position with a conventional CT-

198  technique, and in 10-15 other postures (volair and palmar flexion, radial

and uinar abduction) with a low dose technique. The imaging Protoco),,
as follows: collimation: 2 * 0.5 mm, scan time: 1 s (360°), pirg, (‘.:
(conventional) or 2.0 (low dose), 120 kV, 135 mAs (conventional) or Bmy
(low dose). The ultra high resolution (UHR) mode of the CT-Twin .
used. A segmentation of the carpal bones, radius and ulna was obtainey :
applying a deformable surface model (DSM) to the high dose scan, o
endlbm\eofthehighdnsescmwuregistutdwiﬁtﬂ\econamm;
bone in each low dose scan using a 3-D matching i *
RESULTS: A very detailed definition of the surfaces oi&teurpalbon,“,“
obtained from the high dose scans. The low dose scans provided Sfficeps
information to obtain an accurate match of each carpal bone wig, the
mrmpondingcarpalboneinthehighdosescan.AmunmaﬁmamMm
relative positions and orientations of the carpal bones during flexion ane
deviation were obtained.

‘CONCLUSIONS: The movement of the carpal bones can be qUantife
accurately by matching a single high dose CT-scan with a number of |,
dose CT-scans. This quantification is. especially useful when MOorutony
changes in kinematics before and after operative interventions, |,
mini-arthrodeses. This technique can also be applied in the quantificap,
of the movement of other bones in the body (e.g. ankle and cortical spine,
(This presentation was supported in part by a grant from Elscint Ltd.)
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432 - 2:30PM

Predicting Malignancy of Breast Masses with Ultrasound Findings

J.Y. Lo, PhD, Durham, NC+ C.E. Floyd, Jr, PhD )

PURPOSE: An artificial neural network (ANN) model was developed to
use only uitrasound (US) findings to predict whether solid breast masses
were benign vs. malighant. :

METHOD AND MATERIALS: Among women who had an abnormal US
examination at this institution, 102 cases of solid lesions which underwent
biopsy to yield definitive histopathologic diagnosis were selected. For each
of these 102 lesions (53 benign, 49 malignant), a radiologist was blinded to
the biopsy outcome and recorded 7 morphologic findings as previously
suggested by Stavros, et al.: mass shape, mass in, presence of an
echogenic pseudocapsule, presence of calcification within the lesion visible
by US, acoustic transmission, lesion echogenecity, and lesion echotextur.
A backpropagation ANN was developed to merge these US findings
order to predict whether each case was benign or malignant. Round robin
data sampling was employed to ensure independence between trainng
and testing cases.

RESULTS: The ANN model performed with a positive predictive vaiw
(PPV) of 55%, which was better than the 48% PPV of the origndl
radiologists’ decision to recommend biopsy. The ROC area index of the
ANN was 0.92 =0.03. Note that the ANN based its decision on the 7 US
findings only, while the radiologists took into consideration all available
information, including not only the US films but also mammograms, pnof
films, and patient history. . R )
CONCLUSIONS: Using only US findings, the ANN model accurately
predicted malignancy of breast masses, improving the PPV for ¢
radiologists’ biopsy recommendations. Since US is cheap, uses nonioruzin8
radiation, and widely available, this ANN approach has considerabl¢
potential in helping to assess masses identified by screening mammogr®
phy or physical exam. L

433 - 2:39 PM

Tissue Harmonic imaging Sonography of Breast Lesions: improved Msrs"
Analysis, Conspicuity, and Image Quality Compared to Standard UN®
sound

EL Rosen, MD, Durham, NC+ M.S. Soo, MD

PURPOSE: To determine if tissue harmonic imaging (THI) afforded ?
qualitative advantage compared to conventional sonography in the 3"‘]‘:
ation of breast masses. MATERIALS AND METHODS: A prospect!
evaluation 103 image pairs (each consisting of two identical images: o

. obtained with conventional sonography, and the other with THI sonog™

phy) were obtained. Each image set was masked and then independen .
evaluated by two experienced breast imagers who determined whethet!

lesion was solid, cystic or indeterminate and then contrasted lz‘:.,
conspicuity, margins, and overall quality between the two images. Sta857
cal analysis was performed with the sign test (modified t-test). RESUL
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OBJECTIVE. The purpose of this study was to measure the level of inter- and intraobserver
agreement and to evaluate the causes of variability in radiologists’ descriptions and assessments
of sonograms of solid breast masses.

MATERIALS AND METHODS. Sixty sonograms of solid masses were evaluated indepen-
dently by five radiologists. Observers used the lexicon of a recently published benchmark report on
sonographic appearances of breast masses to determine mass shape, margin, echogenicity, echo-
texture, presence of echogenic pseudocapsule, and acoustic transmission. Final diagnostic assess-
ments were determined by applying the rule-based model of the same benchmark report to the
radiologists’ descriptions. In addition, one observer interpreted each case twice to evaluate intraob-
server variability. Inter- and intraobserver variability were measured using Cohen’s kappa statistic.
We also investigated causes of variability in radiologists’ descriptions.

RESULTS. Interobserver agreement ranged from lowest for determining the presence of
an echogenic pseudocapsule (k =.09) to highest for determining mass shape (x = .8). Intraob-
server agreement was lowest for mass echotexture (i = .24) and greatest for mass shape (k =
.79). Variability in descriptions of lesions contributed to interobserver (x = .51) and some in-
traobserver (K = .66) inconsistency in assessing the likelihood of malignancy.

CONCLUSION. Lack of uniformity among observers’ use of descriptive terms for solid
breast masses resulted in inconsistent diagnoses. The need for improved definitions and addi-
tional illustrative examples could be addressed by developing a standardized lexicon similar

to that of the Breast Imaging Reporting and Data System.

onographic imaging of the breast

is a well-established adjunct to

film-screen mammography. How-
ever, sonography has not been widely accepted
in the United States for characterization of
solid breast masses because numerous at-
tempts to accurately classify and differentiate
benign from malignant solid breast nodules
have been unsuccessful [1-7].

In a recent benchmark study, Stavros et al.
[8] described a classification model with a re-
ported 99.5% negative predictive value and
98.4% sensitivity. The model is based on 20
specific sonographic features of breast masses,
including morphologic descriptors of the shape,
margin, and texture of a mass, and acoustic
properties such as sonographic sound transmis-
sion and mass echogenicity.

TImplicit in models for classifying solid breast
masses is the assumption that morphologic and
acoustic features of breast masses can be identi-
fied reliably and reproducibly from observer to
observer. Substantial variability in identification

of the specific sonographic features could yield
varying conclusions and result in inconsistent
treatment practices. Lack of consistency and re-
producibility is a recognized focus of concern in
breast imaging, and considerable inter- and in-
traobserver variability has been shown using
film-screen mammography [9-14]. This study
proposes to evaluate the inter- and intraobserver
variability of radiologists’ characterization of
sonographic features of solid breast masses
based on the imaging features defined by
Stavros et al. [8].

Materials and Methods
Case Selection and Imaging

Sixty consecutive sonographic studies of solid
breast lesions obtained between August and October
1997 were selected. To be included in this investiga-
tion, patients were required to be female with a solid
breast mass visible on sonographic imaging. All of
the lesions were identified on screening mammogra-
phy, physical examination, or both. No masses inci-
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dentally noted during sonography of other lesions
were included.

Static sonographic images of each solid breast le-
sion were acquired and reviewed by five radiologists
with experience in breast imaging. All images were
obtained with high-resolution, state-of-the-art sonogra-
phy equipment (Sonoline Elegra; Siemens, Issaquah,
WA) using a variable-frequency linear transducer set at
9 MHz. In each case, at least four static images includ-
ing radial and antiradial images with and without cali-
per measurements were acquired. The radial and
antiradial planes are defined with the breast viewed as
if it were a clock face with the nipple at the center. The
radial plane is obtained by rotating the transducer
around the clock face in the plane of a clock hand. The
antiradial plane is perpendicular to the radial plane.
Additional representative gray-scale images were
available in almost all cases. Other sonographic im-
ages including Doppler, color Doppler, and power
Doppler images were also available for review when
obtained during the examination. Mammographic im-
ages and medical history were not provided for corre-
lation to eliminate bias in description and assessment
of the sonographic images.

Evaluation of Sonographic Images

The sonographic features chosen for investigation
were those reported by Stavros et al. [8] in a study of
750 solid breast lesions. These features were chosen
because of the reported accuracy of the classification
scheme and the availability of definitions and repre-
sentative images illustrating the lexicon used in that
report. That study defined 20 morphologic and acous-
tic features for describing solid breast masses. For the
purposes of this observer variability study, those fea-
tures were grouped into seven broad categories: mass
shape, mass margin, echogenic pseudocapsule, acous-
tic transmission, mass echogenicity, mass echotex-
ture, and sonographic evidence of calcification.

Each of five radiologists independently evatuated
all cases and selected the term from each category of
the lexicon that best described each mass. All five
carefully reviewed the report by Stavros et al. [8] be-
fore this study, and the definitions and example im-
ages depicted in that report were available to the
radiologists at the time they evaluated the cases. Ob-
servers were limited to selecting a single term from
each of six of the seven categories listed above. The
presence of sonographically identifiable calcification
within a mass was not evaluated. Because mammo-
grams were not provided, observers could not corre-
late the appearance of any particular echogenic focus
with the appearance of calcification on a radiograph.

Assessment of the likelihood of malignancy of
the lesions was determined by applying the decision
model proposed by Stavros et al. [8] to the descrip-
tive terms chosen by the observers. Following the
rules described in that model, each observer classi-
fied the lesions as either benign or malignant.

To assess intraobserver variability in evaluating
breast sonography examinations, one of the five ra-
diologists reevaluated all 60 cases 6 months after the
initial exercise. The reevaluation consisted of select-
ing terms for describing the morphologic features of
the lesions and assessing the likelihood of malig-
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nancy by applying those sonographic descriptions to
the same rule-based decision model.

To determine the source of any variability in ra-
diologists’ descriptions or assessments, observers’
comments regarding difficulty in selecting lesion
descriptors were elicited. Each case was subse-
quently reviewed with these comments and with
the statistical analysis of variability described later
so that explanations for concordance or variability
could be discerned.

Statistical Analysis

Inter- and intraobserver variability in choosing
sonographic descriptors in each category was deter-
mined using Cohen’s kappa statistic. Variability in ob-
servers’ diagnostic assessments based on the criteria
reported by Stavros et al. [8] was also calculated. Co-
hen’s kappa measures the proportion of decisions in
which observers agree while accounting for the possi-
bility of agreements based on chance alone. Perfect
agreement results in a kappa value of 1.0, and a kappa
value of 0 indicates the level of agreement expected
based on chance alone. Less agreement than that ex-
pected by chance results in a negative kappa value.
Although no absolute scale exists, prior reports have
suggested that kappa values of .2 or less indicate
slight agreement, .21-40 fair, .41-.60 moderate, .61—
.80 substantial, and .81-1.00 indicates almost perfect
agreement between observers [15]. This scale will be
used throughout this study. Other researchers have ad-
vocated that kappa values of .5 or less be considered
poor and values of .75 or more be considered excel-
lent reproducibility [16].

Results
Interobserver Variability

The cases included in this study were typi-
cal of those routinely encountered. The distri-
bution of lesion descriptors chosen by the five
observers illustrates the range of appearance of
the lesions included (Table 1). The relatively
small number of cases described as “duct ex-
tension,” “branch pattern,” or “spiculation” is
expected, because lesions obviously malignant
on mammography did not require further
sonographic imaging and were therefore not
included in this study.

Statistical analysis of agreement among ob-
servers for choosing lesion descriptions showed
that levels of agreement ranged from slight to
substantial concordance (Table 2). The greatest
reproducibility was found among observers de-
termining the shape of a mass. However, only
moderate levels of interobserver agreement
were found for three of the six descriptive cate-
gories (mass margin, posterior acoustic trans-
mission, and lesion echotexture), whereas only
fair reproducibility was found for lesion echoge-
nicity. The least concordance—slight agree-
ment—was measured for observers determining
the presence of an echogenic pseudocapsule.

Applying the rules of the model of Stavros et
al. [8] to the morphologic descriptions selected
by the observers, each of the 60 lesions was

Distribution of Descriptors Used in Interobserver Study Cases
Category Sonographic Descriptors %%?:::g:gf%ﬁg::g
Mass shape Ellipsoid (wider-than-tall) 228 (76)
Taller-than-wide 72 (24)
Mass margin Well-circumscribed lobulation 170 (57)
Microlobulation 45 (15)
Angular margins 67 (22)
Duct extension 4 (1)
Branch pattern 3 {1
Spiculation 11 (4)
Mass echogenicity Intensely hyperechoic 19 (6)
Isoechoic 45 (15)
Mildly hypoechoic 162 {54)
Markedly hypoechoic (solid) 74 {25)
Echogenic pseudocapsule Absent 278 (93}
Present 2 ()
Acoustic transmission Enhanced through-transmission 65 (22)
Normal sound transmission 143 {48)
Shadowing/decreased transmission 92 (31)
Mass echotexture Homogeneous texture 135 (45)
Heterogeneous texture 165 (55)

Note.—Figures are numbers of times observers selected each descriptor. Five observers each interpreted sixty cases (300
total observations). Numbers in parentheses are percentages within each subgroup.
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Interobserver Agreement in
RV:\: 1Ny B Fvaluation of Sonography of
Solid Breast Masses

Sonography of Solid Breast Lesions

Intraobserver Agreement in
LI-\:]W - Evaluation of Sonography of
Solid Breast Masses

Sonographic Feature '\(/2752 Rep';z\c;ilc?;ility Sonographic Feature 5275: Repl;g‘éit:?ljility

Echogenic .09 Slight Echaogenic .63 Substantial
pseudocapsule pseudocapsule

Mass echogenicity 40 Fair Mass echogenicity .69 Substantial

Mass margin 43 Moderate Mass margin .62 Substantial

Mass echotexture 44 Moderate Mass echotexture 24 Fair

Acoustic transmission| .55 Moderate Acoustic transmission| .63 Substantia!

Mass shape 8 Substantial Mass shape 79 Substantial

Final diagnostic 51 Moderate Final diagnostic .66 Substantial
assessment assessment

Note.— Leve! of reproducibility is calculated as described
by Landis and Kock [15].

classified as benign or matignant for each of
the five observers. Consistency in observers’
assessments was only moderate using the rules
of this model (x = .51).

Intraobserver Variability

Substantial intraobserver agreement was
found for selecting all morphologic features
except mass echotexture (Table 3). Substan-
tial reproducibility (k = .66) was also found
for the assessment of one observer for diag-
nosing lesions as benign or malignant on the
basis of the model of Stavros et al. [8].

Discussion

Six studies have found significant observer
variability in radiologists’ description and as-
sessment of breast lesions on film-screen mam-

Fig. 1.—18-year-old woman with palpable fibroadenoma
in left breast. Sonogram shows well-circumscribed ante-
rior and posterior margins {arrowheads), with lateral
margins obscured by edge shadowing (arrows).

AJR:172, June 1999

Note —Level of reproducibility is calculated as described
by Landis and Kock [15].

mography [9-14]. This study shows a similar
level of inconsistency between observers using
sonographic images for lesion evaluation.

The greatest degree of interobserver agree-
ment was found in determining the shape of a
mass. To determine the shape, observers sim-
ply judge whether the lesion is ellipsoid (i.e.,
wider than tall), which is reportedly character-
istic of benign masses, or taller than wide,
which is characteristic of malignant lesions
[8]. Such a determination is generally easily
measured, explaining the relatively high level
of observer agreement. However, the margins
of a lesion may be poorly defined, making ac-
curate measurement of the width or height dif-
ficult. Furthermore, edge shadowing can
obscure the lateral margins (Fig. 1) and acous-
tic shadowing can completely conceal the pos-
terior margin of a mass, making measurement

Fig. 2—60-year-old woman with impalpable fibroade-
noma identified at screening mammography. Sonogram
shows variability in determining lesion shape due to in-
distinct margins and width and height that are nearly
identical. Each of three observers described this mass as
ellipsoid, whereas two other observers described it as
taller than wide.

of the height of the lesion guesswork. Observ-
ers also reported difficulty categorizing lesions
that measure nearly the same in maximum
height and depth, a circumstance not ad-
dressed in the model proposed by Stavros et al.
[8]. Our study found considerable interob-
server variation in determining the shape of
such a lesion (Fig. 2).

We found moderate agreement for choosing
one of three descriptors for posterior acoustic
transmission of the ultrasound beam. Accord-
ing to the model of Stavros et al. [8], decreased
through-transmission identified from any por-
tion of a lesion raises suspicion of malignancy,
whereas normal acoustic transmission and in-
creased through-transmission are indetermi-
nate features with no prognostic value. Much
of the variability in evaluating this feature was
due to observer differentiation between normal
through-transmission and decreased transmis-
sion of the ultrasound beam (Fig. 3). Because
any acoustic shadowing in the model identifies a
lesion as worrisome, the inconsistency that ob-
servers showed in determining this feature could
lead directly to inconsistency in the final inter-
pretation of a lesion as benign or malignant.

Only moderate agreement was found among
observers in characterizing lesion echotexture,
which is the uniformity of echogenicity through-
out solid breast masses. However, given that
both heterogeneous and homogeneous echo-
texture have been categorized by Stavros et al.
[8] as indeterminate features of solid breast
masses, evaluating this feature has little clini-
cal usefulness. Therefore, although we found
considerable variation in characterization of
mass echotexture, such characterization is not

Fig. 3—48-year-old woman with benign fibrosis in left
breast {arrowhead). Sonogram illustrates interobserver
variability in determining sonographic characteristics of
lesion. Three observers said sound transmission was
normal through-transmission, whereas two observers
characterized it as decreased sound transmission.

1623




A

Baker et al.

Fig. 4—68-year-old woman with infiltrating carcinoma in left breast.

A, Antiradial sonogram shows lesion.

B, Radial sonogram of mass illustrates variability in determining mass margin. Five observers used three different descrip-
tors to characterize mass margin: “well-circumscribed gentle lobulation,” “microfobulated,” and “angular” margins.

useful in differentiating benign from malignant
masses, so the variability is not relevant.

Mass margin is a critical feature for determin-
ing whether a lesion is benign or malignant ac-
cording to the model of Stavros et al. [8]. We
found only moderate agreement between observ-
ers in characterizing the margins of masses on
breast sonograms. Observers reported that the
seven terms available to describe a margin did not
adequately characterize all possible margins for
solid masses, so they had to select the term they
deemed least wrong. For example, observers re-
ported that the margins of many lesions were ill-
defined. Although a solid mass was clearly
present, the interface between the mass and the
surrounding parenchyma was not sharp (Fig. 2).
This appearance has been described elsewhere as
“indistinct margins” [17]. Observers varied in
how they ultimately described such margins,
ranging from well-defined (a benign characteris-
tic) to microlobulated or angular margins (malig-
nant characteristics) (Fig. 4).

Determining the echogenicity of a mass was
difficult for many observers, resulting in only
fair levels of consistency. Echogenicity is the
shade of gray constituting the lesion, ranging
from markedly hypoechoic, which is essentially
black, to intensely hyperechoic, which is prima-
rily white. Many lesions had several different
echogenic components. Several lesions had a
hyperechoic inner portion and hypoechoic outer
rim (Fig. 5). This description is often considered
typical of an intramammary lymph node, but
this type of target lesion is not addressed in the
model of Stavros et al. [8]. For hypoechoic le-
sions, parts of the lesion may be slightly hypo-
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echoic whereas other parts are markedly
hypoechoic. It is unclear from the definitions of
these terms whether the presence of any mark-
edly hypoechoic tissue in a nodule is sufficient
to declare the entire mass possibly malignant.
Observers reported similar difficulties when
evaluating hyperechoic lesions. Even for le-
sions that all observers agreed were hypere-
choic relative to adjacent adipose tissue,
observers disagreed about the degree of hyper-
echogenicity necessary to declare the lesion
markedly or intensely hyperechoic and there-
fore benign (Fig. 6).

The category of mass echogenicity could be
simplified without loss of diagnostic accuracy.
According to the model of Stavros et al. [§], dif-
ferentiating mildly hypoechoic lesions from iso-
echoic lesions offers no additional information
in assessing breast lesions. Rather than choosing
among four sometimes subtly different descrip-
tors (markedly hyperechoic, isoechoic, mildly
hypoechoic, markedly hypoechoic), the model
could be simplified by requiring the observer to
determine whether well-circumscribed or gently
lobulated masses are markedly hypoechoic (and
therefore likely malignant), markedly hyper-
echoic (and therefore benign), or neither.

The greatest variation in observer responses
was found in determining whether an echogenic
pseudocapsule was present for well-circum-
scribed or gently lobulated lesions (Fig. 7). This
level of variability may in part be ascribed to our
use of static images for evaluation. This scenario
is doubtless common at busy breast imaging
centers where the examination is performed by
sonographers with only representative static im-

Fig. 5—41-year-old woman with lesion in right breast
identified as indeterminate nodule on screening mam-
mogram. On sonogram, nodule {arrowhead) has target
or bull's-eye appearance with hyperechoic central por-
tion and hypoechoic outer rim, often observed with intra-
mammary lymph nodes.

ages presented to the radiologist for interpreta-
tion. On the other hand, Stavros et al. [8]
scanned the masses in real time, rocking the
transducer beam to identify a pseudocapsule
around all portions of a mass. Two of the five ra-
diologists in our study insisted that only the
most exhaustive set of static images could ade-
quately depict a pseudocapsule. The other three
radiologists determined that, although they
would have preferred the information available
with real-time imaging, representative static im-
ages were sufficient to judge the presence of a
pseudocapsule. This difference in preference
likely explains why all five observers did not
agree that an echogenic pseudocapsule was
present in any of the 60 cases in this study.

Variability in observers’ descriptions of
breast masses in this study is a concern because
it resulted in inconsistent final interpretations of
the masses using the rule-based model of
Stavros et al. [8] (Figs. 6 and 7). Only a moder-
ate level of agreement was found for this final
assessment. Presumably, this inconsistency
could be reflected in inconsistent recommenda-
tions to biopsy rather than closely monitor some
solid breast lesions.

In contrast to the considerable variability
between observers, we found substantial in-
traobserver agreement in characterizing each
sonographic feature except lesion echotex-
ture, for which variability has been shown to be
unimportant. Although generalization based on
the interpretations of one observer is necessarily
limited, these results suggest that a single ob-
server may be consistent in applying a defined
lexicon. Such consistency in the use of this lexi-
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Fig. 6.—60-year-old woman with nodule in left breast identified on screening mammo-
gram. Three observers labeled lesion on sonogram {arrowhead) markedly hyperechoic,

whereas two observers classified it isoechoic.

con resulted in substantial intraobserver consis-
tency in determining the need for biopsy using
the assessment model of Stavros et al. [8]. In
contrast, the interobserver variability we found
suggests that whether a lesion is interpreted as
benign or malignant may depend in large part
on which radiologist reviews the images.

The lexicon described and defined by
Stavros et al. [8] was chosen for this study be-
cause the terms are defined and explained, with
one or more examples of each descriptor pro-
vided. Nevertheless, the lack of consistency in
applying these terms suggests further definition
is needed. In an attempt to improve consistency,
descriptive terms and their definitions could be
agreed upon by a multiinstitutional panel in a
document similar to the Breast linaging Report-
ing and Data System [18], which was devised to
improve the consistency of film-screen mam-
mogram interpretations. Given the results of the
present study, such a breast sonography lexicon
should incorporate descriptors for commonly
encountered findings such as “ill-defined” or
“target” lesions. Furthermore, observers in this
study desired additional example images to
complement written definitions. Like the most
recent edition of the Breast Imaging Reporting
and Data System, illustrative images could be
included in a consensus document defining a
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breast sonography lexicon. The development of
such a standardized sonography lexicon may in-
crease the consistency and reproducibility of
sonographic imaging of solid breast lesions.
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